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(54) EXTREMELY FINE FIBER, METHOD FOR PRODUCING THE SAME 
AND DEVICE FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for extremely simple producing an 
extremely fine fiber excellent in crystallinity and orientation. 

SOLUTION: This method for producing the extremely fine fiber is to irradiate a laser 
beam on a prescribed zone of the fiber while giving <1 MPa tension to the fiber which is 
an almost tensionless state. Thereby, the laser-irradiated part of the fiber is stretched and 
becomes extremely fine having <5 |im diameter. Also, a birefringence of the obtained 
extremely fine fiber is high, and the fiber is excellent in crystallinity and orientation. 
Since the extremely fine fiber is obtained by only irradiating the laser beam on the fiber 
while giving a minute tension on it, the extremely fine fiber can be provided at a low 
cost. Further, by irradiating the laser beam on the fiber obtained by performing the zone 
stretching, while giving <1 MPa tension, it is possible to obtain a super extremely fine 
fiber having <2 diameter. 
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CLAIMS 



[Claim(s)] 

[Claim 1] How to extend fiber by irradiating a laser beam, giving the tension of 1 or less 
MPa to fiber. 

[Claim 2] The approach according to claim 1 the power density of the laser beam 
currently irradiated by the above-mentioned fiber is two or more 15 W/cm. 
[Claim 3] The method according to claim 1 or 2 of making the above-mentioned laser 
beam displaced relatively to the above-mentioned fiber. 

[Claim 4] An approach given in any 1 term of claims 1-3 which support the above- 
mentioned fiber in the direction of a vertical. 

[Claim 5] An approach given in any 1 term of claims 1-4 which carry out the multiple- 
times exposure of the above-mentioned laser beam at the above-mentioned fiber. 
[Claim 6] The approach according to claim 1 of irradiating the above-mentioned laser 
beam, after carrying out zone extension of the above-mentioned fiber. 
[Claim 7] An approach given in any 1 term of claims 1-6 which are kinds chosen from 
the group which the above-mentioned fiber becomes from polyethylene terephthalate, 
nylon 6, and polypropylene. 

[Claim 8] Extension fiber obtained by the approach according to claim 1 . 

[Claim 9] Extension fiber according to claim 8 by which the above-mentioned fiber is 

constituted from a thermoplastic polymer. 

[Claim 10] The above-mentioned extension fiber is extension fiber according to claim 9 
which has the diameter of 5 micrometers or less, and has a birefringence within the limits 
of 25x1 0-3 to 120x10-3. 

[Claim 1 1] The above-mentioned thermoplastic polymer is extension fiber according to 
claim 10 which is a kind chosen from the group which consists of nylon 6, 
polypropylene, and polyethylene terephthalate. 

[Claim 12] Nylon 6 fiber characterized by having the diameter of 2 micrometers or less, 
and a birefringence occurring within the limits of 40x10-3 to 50x10-3 in nylon 6 fiber. 
[Claim 13] The polypropylene fiber characterized by having the diameter of 2 
micrometers or less, and a birefringence occurring within the limits of 25x10-3 to 35x10- 
3 in a polypropylene fiber. 
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[Claim 14] The polypropylene fiber according to claim 13 whose crystal orientation 
multiplier is 0.9 or more. 

[Claim 1 5] The polyethylene terephthalate fiber characterized by having the diameter of 5 
micrometers or less, and a birefringence occurring within the limits of 70x10-3 to 
120x10-3 in a polyethylene terephthalate fiber. 

[Claim 16] The manufacturing installation which is a manufacturing installation for 
manufacturing super-thin fiber, and equips the above-mentioned fiber with the laser light 
source for irradiating a laser beam, and the fiber migration equipment for making the 
above-mentioned fiber displaced relatively to the above-mentioned laser beam. 
[Claim 17] A manufacturing installation [ equipped with the attaching part for giving the 
tension of 1 or less MPa to fiber, while holding a part of above-mentioned fiber ] 
according to claim 16. 

[Claim 18] The above-mentioned fiber migration equipment is a manufacturing 
installation according to claim 1 6 which it has [ manufacturing installation ] the supporter 
which supports the end of the above-mentioned fiber, and makes this supporter displaced 
relatively to the above-mentioned laser beam. 

[Claim 19] It is the manufacturing installation according to claim 18 which the above- 
mentioned supporter supports the above-mentioned fiber in the direction of a vertical, and 
the above-mentioned fiber migration equipment makes move the above-mentioned fiber 
in the direction of a vertical. 

[Claim 20] The manufacturing installation according to claim 18 or 19 which is slider 
equipment with which the above-mentioned fiber migration equipment is equipped with 
the movable slider connected with the above-mentioned supporter, and the guide section 
which guides the moving part concerned movable. 

[Claim 21] The above-mentioned supporter is a manufacturing installation given in any 1 
term of claims 18-20 equipped with the cylindrical lens or polygon mirror for being a 
supporter for supporting two or more fiber to coincidence, and making the laser beam 
from the above-mentioned laser light source irradiate two or more fiber further supported 
by the supporter concerned, respectively. 

[Claim 22] The above-mentioned fiber migration equipment is a manufacturing 
installation according to claim 16 or 17 which controls the rate which sends out fiber 
from the above-mentioned fiber sending-out equipment, and the rate which rolls round 
fiber with fiber take-up motion, respectively, and controls the relative velocity of the 
fiber to a laser beam including the fiber sending-out equipment for sending out the above- 
mentioned fiber, and the fiber take-up motion for rolling round the sent-out fiber. 
[Claim 23] The manufacturing installation according to claim 22 by which the above- 
mentioned attaching part is a fall block, and the fiber sent out by fiber sending-out 
equipment is rolled round with fiber take-up motion through this fall block. 
[Claim 24] The manufacturing installation according to claim 23 which controls the 
rolling-up rate of fiber by the above-mentioned fiber take-up motion so that it has a 
sensor for measuring the height location of the above-mentioned fall block and the height 
location of a fall block becomes fixed based on the height location of the fall block 
measured by this sensor. 

[Claim 25] The location [ it has a guide rail for guiding the above-mentioned fall block, 
and / take-up motion / above-mentioned / fiber ] on the guide rail of the above-mentioned 
fall block is a manufacturing installation according to claim 23 which controls the 
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rolling-up rate of fiber to become fixed. 

[Claim 26] The above-mentioned fiber sending-out equipment is a manufacturing 
installation given in any 1 term of claims 22-25 which two or more fiber is sent out 
according to an individual, and the above-mentioned fiber take-up motion rolls round two 
or more fiber, and are equipped with the cylindrical lens or polygon mirror for making 
the laser beam from the above-mentioned laser light source irradiate two or more fiber 
further sent out from the above-mentioned fiber sending-out equipment, respectively. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing installation for 
realizing it in the approach list which produces very simply the super-thin fiber of high 
intensity, and its super-thin fiber in a detail further about the manufacturing installation 
for manufacturing super-thin fiber in the extension approach list of super-thin fiber and 
fiber. 
[0002] 

[Description of the Prior Art] The researches and developments for manufacturing the 
super-thin fiber below ID (denier) (diameter of about 10 micrometers - 12 micrometers) 
are briskly done by development of the spinning technique of a synthetic fiber. Super-thin 
fiber is used for artificial suede, a wiping cross, etc., and since the diameter of fiber is 
small, it is used abundantly at filters, such as air cleaning, and liquid separation, 
medicine, etc. in addition to textiles or garments. 

[0003] As an approach of manufacturing such super- thin fiber, the direct spinning 
method, the multicomponent spinning method, etc. are learned. When manufacturing 
super-thin fiber by the direct spinning method, viscosity is made low and approaches, 
such as speeding up a cooling rate, are used. However, only by the direct spinning 
method, since a limitation is in super-thin-ization, approaches, such as a multicomponent 
spinning method and a special spinning method, are developed. A multicomponent 
spinning method is the approach of producing super-thin fiber mainly using two 
components, and is classified into a dissolution mold and an exfoliation assembled die. 
By carrying out silk manufacture in a dissolution mold using a special spinneret, for 
example, spinning was carried out to the fiber called sea-island type fiber to which the 
minute field which consists of a component of another side exists independently in large 
numbers in the field which consists of one component among two components, and the 
super-thin fiber which dissolves a sea component and consists of an island component 
has been obtained. In the exfoliation assembled die, mechanical stimulus and a chemical 
treatment are made to exfoliate and separate the fiber which two components adjoined a 
radial, hollow annular, or in the shape of multilayer juxtaposition, and super-thin fiber is 
manufactured. 
[0004] 

[Problem(s) to be Solved by the Invention] In this multicomponent spinning method, 
equipment special since a high precision is required of a spinneret and a spinning 
technique was needed, and the manufacturing cost was high, and since it was necessary to 
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mix or compound the component whose number is two, any above-mentioned approach 
had the problem that the ingredient to be used was also limited. So, a method of 
manufacturing super-thin fiber simply by low cost was desired. 

[0005] Moreover, although how to make fiber thin by extension was also learned, there is 
a problem of becoming easy to carry out thread breakage as the diameter of fiber 
becomes small, and production of the super-thin fiber by the extending method was made 
impossible as a matter of fact. 

[0006] Made in order that this invention may meet this request, the 1st purpose of this 
invention is to offer the new manufacture approach which can manufacture super-thin 
fiber simply by low cost. 

[0007] The 2nd purpose of this invention is to offer the manufacture approach of the new 
super-thin fiber by the extending method. 

[0008] The 3rd purpose of this invention is to offer the super-thin fiber which has high 

degree of crystallinity and the tropism of your kind consideration. 

[0009] The 4th purpose of this invention is to offer the manufacturing installation for 

manufacturing the super-thin fiber which has a high birefringence by low cost. 

[0010] 

[Means for Solving the Problem] If the 1st mode of this invention is followed, the 
approach of extending fiber will be offered by irradiating a laser beam, giving the tension 
of 1 or less MPa to fiber. 

[001 1] this invention persons irradiated the laser beam at the fiber to which the minute 
tension of 1 or less MPa was given, when heating extension was carried out, the fiber of 
the part by which the laser beam was irradiated was extended and the diameter found out 
that super-thin fiber 5 micrometers or less was obtained. The birefringence of the 
obtained super-thin fiber was very high. This has suggested that not only the extension by 
flow but orientation crystallization has arisen, and means that the fiber of high intensity 
with high crystallinity and stacking tendency is obtained. When it asked for draw 
magnification based on the following formula (1) from the diameter of fiber before and 
behind extension, by the approach by the conventional extension, draw magnification 
was able to obtain 1000 or more times and very high draw magnification by this 
invention to having been five to 7 times. 
[0012] 

Draw magnification lambda= (dO/d) 2 (1) 

(dO is the diameter of the fibril before extension among a formula, d is the diameter of the 
fiber after extension, and it is supposed that the consistency of fiber is fixed before and 
after extension) 

[0013] Moreover, the diameter of the super-thin fiber obtained by extension is uniform, 
and did not have degradation of the front face by laser ablation, either. Thus, by the 
manufacture approach of this invention, very good super-thin fiber excellent in 
crystallinity and a mechanical property can be obtained by the very easy method of 
irradiating a laser beam, and heating and extending it, while giving minute tension to 
fiber. Thereby, good and cheap super-thin fiber can be offered. In this specification, the 
approach of irradiating a laser beam, and heating and extending it for fiber, is called the 
"laser-heating extending method." 

[0014] In this invention, the tension given to fiber is 1 or less MPa, the twist of fiber is 
lost and it is in the condition of an atony mostly. The tension given to fiber is 0.66 or less 
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MPas more preferably that what is necessary is just extent in which fiber extends in the 
shape of a straight line. In order to apply tension to fiber, in support of the end (upper 
limit) of fiber, it hangs to a vertical, and it is suitable to attach a spindle to the other end 
(lower limit), and it may apply tension with the self-weight of fiber, without covering a 
spindle depending on the case. 

[0015] The fiber made super-thin using the manufacture approach of this invention has 
desirable synthetic fibers (artificial fiber), such as crystalline polymers, such as 
polyethylene terephthalate, nylon, and polypropylene, and an amorphous polymer. In 
addition, this invention can be applied also to natural fibers, such as silk. 
[0016] In the manufacture approach of this invention, the laser beam of arbitration can be 
used for the laser beam which irradiates fiber, for example, liquid laser, such as gas laser 
like carbon dioxide gas laser, and fixed laser, such as semiconductor laser, dye laser, can 
be used. A pulse or DC light (CW laser) is sufficient as a laser beam. Laser wavelength 
can choose the various wavelength of an infrared region from far-ultraviolet. It turned out 
that thin fiber is obtained, so that it was desirable to have adjusted whenever [ an output 
and condensing ] as for the laser beam so that the laser power density of the laser beam 
exposure section of fiber might become three or more 1 5 W/cm, and laser power density 
was generally high. 

[0017] As for the fiber extended by the approach of this invention, it is desirable that it is 
fiber extended by hot-rolling growth and zone extension beforehand, and it is desirable 
that it is fiber extended by especially zone extension. Zone extension is the approach of 
extending non-extended fiber, while moving heating objects, such as a heater, with 
constant speed to fiber, and after it makes fiber predetermined thinness by this extension, 
it is desirable to apply laser-heating extension of this invention. Thus, a microfiber can be 
obtained by performing laser-heating extension for the fiber which carried out zone 
extension. This approach is suitable as an approach of making super-thin the 
comparatively thick fiber of the diameter of fiber. About the zone extending method, 
since it is concretely indicated by patent No. 1343924, this can be referred to. 
[0018] Moreover, in the manufacture approach of this invention, for fiber, a laser beam is 
irradiated gradually and can be extended. That is, after irradiating a laser beam once [ at 
least ] at the fiber under predetermined tension and extending fiber to predetermined 
thinness, under the tension of 1 or less MPa, a laser beam is irradiated and the fiber can 
be extended. Thus, super-thin fiber can be obtained by carrying out the multiple-times 
exposure of the laser beam at fiber, and extending fiber. 

[0019] Thus, by performing extension of the fiber by laser beam exposure in several 
steps, it is considered to be based on the following principle that super-thin fiber is 
obtained. That is, when performing extension of the fiber by laser beam exposure in 
several steps, fiber is crystallized to some extent by extension by the first laser beam 
exposure, and it is thought that the crystallinity of fiber is raised. Here, compared with 
fiber (henceforth low crystallinity fiber) with low crystallinity, as for the fiber 
(henceforth high crystallinity fiber) with high crystallinity, the melting point is 
considered to be high. That is, in high crystallinity fiber and low crystallinity fiber, when 
the temperature of the part fused by laser beam exposure is measured, temperature of the 
former is higher than the latter. Therefore, since the fusion part of high crystallinity fiber 
is hypoviscosity compared with the fusion part of low crystallinity fiber, it becomes 
easier [ high crystallinity fiber ] for extension much more [ it ]. so, the case where a laser 
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beam is irradiated once by irradiating a multiple-times laser beam ~ comparing — much 
more thin fiber ****-- things are made. In addition, in the fiber which irradiated the laser 
beam of multiple times, it is thought that expansion of fiber is checked in the part which 
extension started, and it is related to fiber making it super-thin although it still is not clear 
about the reason. When a laser beam was irradiated once and super-thin fiber was 
obtained, expansion of fiber was not checked in the extension initiation part. 
[0020] In the manufacture approach of this invention, in order to raise draw 
magnification further, it is desirable to move fiber relatively to a laser beam. This 
relative-displacement rate has desirable 300 mm/min - 3000 mm/min, in order to obtain 
super-thin fiber. 

[0021] If the 2nd mode of this invention is followed, the extension fiber obtained using 
the approach of the 1st mode of this invention will be offered. It is desirable that it is 
fiber which consists of thermoplastic polymers, for example as this extension fiber. For 
example, polyethylene terephthalate, polypropylene, nylon 6, Nylon 66, polyethylene, 
Polyvinyl alcohol, the poly acrylic nitril, polystyrene, a polyamide, A polyvinyl chloride, 
a polyoxyethylene, polytetrafluoroethylene, Fiber, such as a polyether ether ketone, a 
polymethyl methacrylate, polyethylene 2, and 6 naphthalate (PEN), can be used, and 
especially polyethylene terephthalate, polypropylene, and nylon 6 are suitable. Since it 
has the high birefringence of 25x10-3 to 120x10-3 with 5 micrometers or less even if 
very super-thin, this extension fiber is excellent in reinforcement, and it is easy to process 
it. 

[0022] If the 3rd mode of this invention is followed, in nylon 6 fiber, the nylon 6 fiber 
characterized by having the diameter of 2 micrometers or less, and a birefringence 
occurring within the limits of 40x10-3 to 50x10-3 will be offered, the diameter of 2 
micrometers or less which has such a high birefringence — super-thin nylon 6 fiber does 
not overly exist, as far as this invention person gets to know. This microfiber can be 
manufactured by low cost using the manufacture approach of this invention. 
[0023] If the 4th mode of this invention is followed, in a polypropylene fiber, the 
polypropylene fiber characterized by having the diameter of 2 micrometers or less, and a 
birefringence occurring within the limits of 25x10-3 to 35x10-3 will be offered, the 
diameter of 2 micrometers or less which has such a high birefringence ~ as far as this 
invention person overly also gets to know a super-thin polypropylene fiber, it does not 
exist. This polypropylene fiber of super-**** can be manufactured by low cost using the 
manufacture approach of this invention. 

[0024] If the 5th mode of this invention is followed, in a polyethylene terephthalate fiber, 
the polyethylene terephthalate fiber characterized by having the diameter of 5 
micrometers or less, and a birefringence occurring within the limits of 70x10-3 to 
120x10-3 will be offered, the diameter of 5 micrometers or less which has such a high 
birefringence -- as far as this invention person overly also gets to know a super-thin 
polyethylene terephthalate fiber, it does not exist, this ~ a super-thin polyethylene 
terephthalate fiber can overly be manufactured by low cost using the manufacture 
approach of this invention. 

[0025] Each super-thin fiber of the 3rd - the 5th mode of this invention has the 
birefringence higher than conventional super-thin fiber. Thus, the super-thin fiber which 
has a high birefringence has the advantage of being easy to process it since it generally 
excels in reinforcement nature. When stress joined the macromolecule chain which 
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constitutes fiber by laser-heating extension and the chain carried out orientation of the 
cause by which the birefringence is high in the super-thin fiber of this invention to it 
alternatively in the predetermined direction, the amount of preferred orientation of a 
crystal is also considered to be because for both the amounts of preferred orientation of 
non-** to also increase. Moreover, since the diffraction spot based on a crystal is clearly 
observed so that the observation result of the wide angle X-ray diffraction photograph of 
the example mentioned later may show, it is thought that degree of crystallinity is also 
high. 

[0026] The birefringence of fiber is usually defined as a difference of the refractive index 
of fiber shaft orientations, and the refractive index of a direction perpendicular to a fiber 
axis. Moreover, generally birefringence deltan of crystalline fiber can be expressed with a 
degree type. 
[0027] 

Among delta n=XVfcdeltanc 0+(l-X) fadeltanaO type, XV shows volume degree of 
crystallinity, delta ncO and delta naO show the proper birefringence to the crystal section 
and the amorphism section, respectively, fc shows the amount of preferred orientation (it 
is also called a crystal orientation multiplier) of the crystal section, and fa shows the 
amount of preferred orientation of the amorphism section, respectively. A proper 
birefringence is a birefringence when the chain which constitutes fiber carries out 
orientation completely. The amount of preferred orientation fc of the crystal section when 
the crystal section of fiber is carrying out orientation completely is 1 , and is considered 
that the amounts of preferred orientation of the crystal section are 0.9 or more and a very 
high value in the polypropylene fiber of this invention, considering the result of the wide 
angle X-ray diffraction photograph of the below-mentioned example. 
[0028] Moreover, the stacking tendency of fiber can be evaluated from the proper 
birefringence of the crystal section of the polymeric materials which constitute fiber. That 
is, the stacking tendency of fiber can estimate that it is high, so that the value of the 
birefringence of fiber turns into a value near a proper birefringence since it is the 
birefringence of a limit when a chain carries out orientation completely as the proper 
birefringence was mentioned above. For example, according to the various examples of a 
report the case of nylon 6 fiber, a proper birefringence is about 0.096 at the maximum. 
On the other hand, the birefringences of the nylon 6 fiber of this invention are 0.040- 
0.050, and it turns out that the nylon 6 fiber of this invention has the high stacking 
tendency. 

[0029] Moreover, according to the various examples of a report, the proper birefringence 
of a polypropylene fiber is 0.064 at the maximum. On the other hand, the birefringences 
of the polypropylene super-thin fiber of this invention are 0.025-0.035, and the super-thin 
polypropylene fiber overly has the stacking tendency higher than the conventional 
polypropylene fiber of this invention. 

[0030] Moreover, according to the various examples of a report, the proper birefringence 
of PET fiber is about 0.290 at the maximum. On the other hand, the birefringences of the 
PET fiber of this invention are 0.070-0.120, and super-thin PET fiber overly has the 
stacking tendency of this invention higher than before. 
[0031] If the 6th mode of this invention is followed, it will be a manufacturing 
installation for manufacturing super-thin fiber, and the manufacturing installation which 
equips the above-mentioned fiber with the laser light source for irradiating a laser beam 
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and the fiber migration equipment for making the above-mentioned fiber displaced 
relatively to the above-mentioned laser beam will be offered. 

[0032] Since this manufacturing installation can realize the manufacture approach of the 
1 st mode of this invention, it can manufacture the super-thin fiber of a high birefringence 
by low cost easily. 

[0033] In the manufacturing installation of this invention, the gas laser light sources, 
semiconductor laser, etc., such as carbon dioxide gas laser and Ar gas laser, can be used 
for a laser light source. As for a laser light source, it is desirable to be arranged so that a 
laser beam may be perpendicularly irradiated to fiber shaft orientations. Or you prepare a 
mirror etc. and may make it the laser beam from a laser light source make it irradiate 
perpendicularly to the shaft orientations of fiber. Moreover, the manufacturing 
installation may be equipped with the lens for condensing for fiber the laser beam which 
carried out outgoing radiation from the laser light source. 
[0034] The manufacturing installation of this invention can be equipped with the 
supporter which supports the end of the fibril before extension. This supporter can be 
constituted using a chuck etc., when fixing and supporting fibril, and a block etc. can be 
used when supporting the fibril sent out from the fiber sending-out equipment mentioned 
later. A supporter can support fibril so that fibril may extend in the direction of a vertical. 
In this case, fiber migration equipment can constitute the moving part connected with this 
supporter, and moving part including the guide section guided movable. As the guide 
section, rack and pinion, a ball thread, a timing belt, or a linear motor can be used, for 
example. The fibril supported with the supporter can be moved in the direction of a 
vertical by moving the moving part connected with the supporter for example, in the 
direction of a vertical by the guide section. 

[0035] Moreover, the manufacturing installation of this invention can be equipped with 
the attaching part for holding the other end of fibril so that the tension of 1 or less MPa 
may be given to fiber. A chuck, a standing block, a fall block, etc. can be used as this 
attaching part. When fibril is made to hold by the chuck, a spindle etc. can be attached in 
order to control the tension given to fibril. 

[0036] In the manufacturing installation of this invention, fiber migration equipment may 
contain the fiber take-up motion for rolling round the super-thin fiber extended by laser- 
heating extension, after being sent out from the fiber sending-out equipment and fiber 
sending-out equipment for sending out the fibril by which laser-heating extension is 
carried out. After the fibril sent out from fiber sending-out equipment is supported by 
supporters, such as a block, it is rolled round by fiber take-up motion through attaching 
parts, such as a standing block and a fall block. In this case, the relative velocity of the 
fiber to a laser beam is controllable by controlling the rate which the fiber of fiber 
sending-out equipment sends out, and the rate which rolls round fiber with fiber take-up 
motion, respectively. 

[0037] When a fall block is used as an attaching part as mentioned above, it can have a 
sensor for measuring the height location of a fall block. In this case, it is desirable to 
control the rolling-up rate of the fiber of fiber take-up motion so that the height location 
of a fall block becomes fixed based on the height location of the fall block measured by 
the sensor. By giving the load of the fall block itself, or a load fixed to a fall block, fixed 
tension can always be given to fiber. Moreover, the guide rail for guiding a fall block is 
prepared, and even if it controls the rolling-up rate of fiber by fiber take-up motion so 



that the location on the guide rail of a fall block becomes fixed, it becomes possible to 
give fixed tension to fiber. 

[0038] In the manufacturing installation of this invention, a supporter can be constituted 
so that two or more fiber may be supported to coincidence. In this case, it is desirable to 
have a cylindrical lens or a polygon mirror so that the laser beam from a laser light source 
may be irradiated by two or more fiber supported by the supporter, respectively. 
[0039] 

[Embodiment of the Invention] Although an example explains concretely the super-thin 
fiber and manufacture approach and manufacturing installation according to this 
invention hereafter, this invention is not limited to this. 
[0040] 

[Example 1] First, the manufacturing installation according to this invention is explained. 
The outline block diagram of a manufacturing installation was shown in drawing 5 . 
Equipment 500 mainly consists of the continuation carbon-dioxide-gas laser oscillation 
machine 51, a power meter 53, a shutter 54, fiber migration equipment 55, and a block 56 
of a pair. It has two guide rails 58 with which fiber migration equipment 55 extended in 
the crosshead 57 which moves by the rack-and-pinion method, and the direction of a 
vertical, and spiral **** was formed, and a motor (un-illustrating), and a crosshead 57 
can slide on the two guide-rails 58 top at a fixed rate by rotating a guide rail 58 by the 
motor. The bearing bar 59 which extended in a crosshead 57 horizontally is formed. The 
end of fibril is attached at the tip of a bearing bar 59, and fibril can be hung. The spindle 
60 of predetermined weight is attached in the other end of fibril, and the tension 
(henceforth impression tension) given to fiber can be adjusted to it by changing the 
weight of a spindle 60. Moreover, the fibril hung from the tip of a bearing bar 59 is 
positioned in the predetermined target location of a laser beam while it aligns in the shape 
of a straight line by two blocks 56. By going up or dropping a crosshead 57, the fiber in 
which the tip of a bearing bar 59 was attached is relatively moved at a fixed rate to the 
laser beam from the continuation carbon-dioxide-gas laser oscillation machine 51. 
[0041] The continuation carbon-dioxide-gas laser oscillation machine 51 has the 
oscillation wavelength of 10.6 micrometers, the maximum output is 10W and a beam 
diameter is 4.3mm. A power meter 53 has a detector 52. When a detector 52 measures the 
power of the laser beam which carried out outgoing radiation from the continuation 
carbon-dioxide-gas laser oscillation machine 51, it is arranged on the optical path of a 
laser beam, and the optical reinforcement of a laser beam is detected, and the power of a 
laser beam is read with the power meter 53 connected to the detector 52. 
[0042] Moreover, the shutter 54 is formed on the optical path of a laser beam, and turning 
on and off of the laser beam exposure to fibril can be controlled by opening and closing a 
shutter 54. 

[0043] [Laser-heating extension] By using this equipment 500 and next, carrying out 
laser-heating extension of the PET fiber explains how to manufacture super-thin fiber. 
[0044] First, PET fiber was prepared as fibril. PET fiber was produced by carrying out 
melt spinning of the pellet (number average molecular weight: about 30,000) by Kanebo 
composition incorporated company at 270 degrees C using a melt spinning machine (un- 
illustrating). The produced fibrils were the diameter of about 130 micrometers, a 
birefringence 0.7x10-3, and 4.5% of degree of crystallinity, and were fiber of almost 
amorphous non-orientation. 



-10- 



[0045] Subsequently, the equipment which showed this fibril to drawing 5 was equipped, 
and the laser beam was perpendicularly irradiated to fibril at the predetermined part of 
fibril, dropping a crosshead 57 at the rate of 500 mm/min. In this case, the power density 
of the laser of a fiber part with which the laser beam is irradiated was 21 W/cm2. With 
heating by this laser beam exposure, the laser beam exposure section of fibril extended in 
an instant (ms order), and suspended the exposure of a laser beam to extension and 
coincidence. Under the present circumstances, it turned out that the lower limit of fiber 
descended at the rate of about 150 m/min. It was extended and made super-thin when the 
laser beam exposure section of fibril was observed. 

[0046] [Measurement of a diameter and a birefringence] and also the impression tension 
to fibril, and the laser power density in the laser beam exposure section of fibril were 
changed into various values, same laser-heating extension was performed, and various 
super-thin fiber was produced. And SEM observation was performed in the diameter and 
the measurement list of a birefringence about each super-thin fiber. The diameter of 
super-thin fiber was measured using the microscope, and the birefringence was measured 
using the polarization microscope equipped with a BEREKKU compensator. 
[0047] The graph of the diameter of the super-thin fiber to the applied tension in case 
laser power density PDs are 11.8 W/cm2, 14.2 W/cm2, 15.8 W/cm2, and 21.0 W/cm2, 
respectively is shown in drawing 1 . Moreover, fluctuation of the birefringence of the 
super-thin fiber to the impression tension in each above-mentioned laser power density 
PD is shown in drawing 2 . 

[0048] As shown in drawing 1 , when impression tension is 1.6 or more MPas, the 
diameter of super-thin fiber shows the almost fixed value irrespective of laser power 
density. However, when impression tension is set to 1 or less MPa, the diameter of the 
super-thin fiber which the diameter of super-thin fiber is small, and is obtained, so that 
impression tension is small is also small. Especially, by 0.66 or less MPas, when laser 
power density PD was comparatively as high as 15.8 W/cm2 and 21.0 W/cm2, super-thin 
fiber 5 micrometers or less was obtained [ impression tension sigmaa ] for the diameter. 
In addition, in laser power density PD=15.8 W/cm2 and PD=21.0 W/cm2, it was cut 
before fiber fully extended, when tension applied the tension of 0.66-1. 6MPa (the inside 
of drawing 1 , broken-line part). 

[0049] On the other hand, the birefringence of super-thin fiber is falling with reduction of 
impression tension sigmaa, and increase of laser power density PD, as shown in drawing 
2 . However, if impression tension sigmaa turns into 0.66 or less MPas when laser power 
density is comparatively as high as 15.8 W/cm2 and 21.0 W/cm2, the birefringence of 
super-thin fiber has started to increase from reduction, and the birefringence is high. That 
is, the stacking tendency with high super-thin fiber is shown. Laser power density is 
comparatively as high as 15.8 W/cm2 and 21 .0 W/cm2, and the result of drawing 1 and 
drawing 2 shows that are 5 micrometers or less in diameter, and the super-thin fiber of 
high crystallinity and the tropism of your kind consideration is obtained when impression 
tension is 0.66 or less MPas. 

[0050] Moreover, when laser power density PD was [ impression tension ] 0.17MPa(s) in 
21.0 W/cm2, fiber was extended most, the diameter was 4.5 micrometers and the 
birefringence was 0.1 12. When the consistency of fiber computed draw magnification 
lambda as a fixed thing based on the above-mentioned formula (1) from the diameter of 
fiber before and after extension, 1060 times and a very high value were shown. 
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[0051] Moreover, in order to investigate the orientation of super-thin fiber where laser 
power density PD was obtained by 21 .0 W/cm2 when impression tension was 
0.17MPa(s) ? when a wide angle X diffraction is performed, the diffraction spot is 
observed slightly, and it was checked that the microcrystal which constitutes fiber is 
carrying out orientation like the result of drawing 2 . 

[0052] A 350 times as many SEM photograph as fibril and each super-thin fiber extended 
by the conditions of sigmaa=0.17MPa and PD=21.0 W/cm2 is shown in [observation by 
scanning electron microscope (SEM)] drawing 3 (A), and a 10000 times as many SEM 
photograph as super-thin fiber is shown in it at drawing 3 (B). Laser ablation was not 
seen in the front face of super-thin fiber, but the diameter of fiber and the fiber front face 
were uniform. Moreover, it checked that ablation had not occurred from FT-IR (Fourier 
Transform Infrared Spectrometer) measurement, either. 

[0053] [Passing speed dependency] Next, impression tension was fixed to 0.17MPa(s), 
the passing speed and laser power density of fibril to a laser beam were changed to 
various values, laser-heating extension was performed, and the relation between the 
passing speed of the fibril to a laser beam and the diameter of the super-thin fiber 
obtained by that cause was investigated. The graph of change of the diameter of the fiber 
to laser power in case passing speed is 300 mm/min, 600 mm/min, 900 mm/min, and 
1800 mm/min is shown in drawing 4 . As shown in drawing 4 , with increase of laser 
power density, the diameter of the obtained fiber is reduced, and when laser power 
density is [ passing speed ] 600 mm/min within the limits of 1 0 - 60 W/cm2, fiber is 
made detailed. When laser power density was 55.4 W/cm2, fiber [ being the thinnest 
(diameter of 4.72 micrometers) ] was obtained. Moreover, the birefringence of the 
starting super-thin fiber was 0.107, and draw magnification was 1051 times. 
[0054] [the diameter of super-thin fiber, and change of a birefringence] — about the 
super-thin fiber obtained by making passing speed of fibril [ as opposed to 0.17MPa(s) 
and a laser beam for impression tension ] into 500 mm/min, making laser power density 
into 21 W/cm2 next, and performing laser-heating extension, as shown in drawing 1 8 , 
the situation of change of the diameter to distance deltaL from [ from a fibril part ] the 
part (henceforth the neck section) which began to become thin, and a birefringence was 
investigated. The diameter and birefringence in a location of distance deltaL from the 
neck section of super-thin fiber and distance deltaL are shown in drawing 14 . 
[0055] In the range whose distance deltaL from the neck section is 20mm - 820mm, as 
for the obtained fiber, the diameter is made super-thin by 5 micrometers or less so that 
drawing 14 may show. On the other hand, it turns out that the birefringence shows 70xten 
to three or more high values in the range whose distance deltaL from the neck section is 
50mm - 750mm. Especially, in the part near a neck, the very high birefringence of 
150x10-3 is obtained. 
[0056] 

[Example 2] This example explains the example which applies laser-heating extension of 
this invention to nylon. 

[0057] The non-extended nylon 6 fiber by Toray Industries, Inc. was used as fibril. The 
diameter of 0.189mm, a birefringence 6.25x10-3, and the degree of crystallinity of this 
fiber were 27.6%. The equipment which showed this fibril to drawing 5 like the example 
1 was equipped, the impression tension and laser power density to fibril were changed 
into various values, and laser-heating extension of the fibril was carried out. In this 
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example, passing speed of the fibril to the passing speed of the crosshead of the 
equipment shown in drawing 5 , i.e., a laser beam, was made into 300 mm/min. In this 
way, measurement of a diameter and a birefringence was performed about the obtained 
various super-thin fiber. 

[0058] The diameter and birefringence of fiber to the laser power density when carrying 
out laser-heating extension with various impression tension and laser power density are 
shown in drawing 6 (A) and (B), respectively. As super-thin fiber is obtained when 
impression tension sigmaa is set to 0.18MPa(s) and 0.37MPa(s), laser power density PD 
is made into two or more 25.9 W/cm and laser-heating extension is performed so that 
drawing 6 (A) may show, and shown in drawing 6 (B), the birefringence of the super-thin 
fiber is about 30x10-3. The thinnest fiber was obtained, when impression tension sigmaa 
was set to 0.18MPa(s) and laser power density PD was made into 69 W/cm2. The 
diameter of the super-thin fiber was 4.7 micrometers, and the birefringence was 29x10-3. 
Moreover, the draw magnification computed from the diameter of fiber had reached also 
1617 times. The SEM photograph of the super-thin fiber concerning drawing 7 is shown. 
Laser ablation was not accepted on the surface of fiber, but the diameter of fiber and the 
fiber front face were uniform. 

[0059] On the other hand, when impression tension sigmaa was set as 1 . 1 or more MPas 
and laser power density PD was set as two or more 25.9 W/cm, fiber will be cut and it 
was not able to extend. Moreover, when impression tension sigmaa was set as 1.1 or 
more MPas, laser power density PD was set as two or less 25.9 W/cm and laser-heating 
extension was performed, super-thin fiber was not able to be obtained. 
[0060] As shown in this example, super-thin-ization of nylon 6 fiber can be easily 
performed by carrying out laser-heating extension of the nylon 6 fiber under minute 
impression tension. 
[0061] 

[Modification 1] Although the laser beam was irradiated only once at nylon 6 fiber and 
laser-heating extension of the nylon 6 fiber was carried out in the example 2, a laser beam 
is irradiated in 2 steps at nylon 6 fiber, and super-thin fiber can be further obtained by 
carrying out laser-heating extension. 

[0062] First, laser-heating extension was performed for nylon 6 fiber on condition that 
impression tension sigmaa=36.7MPa and laser power density =17.3 W/cm2 using the 
equipment shown in drawing 5 . The diameter of the fiber obtained by this laser-heating 
extension was 87.5 micrometers, and the birefringence was 56.7x10-3. 
[0063] Subsequently, laser-heating extension was performed for this fiber on condition 
that impression tension sigmaa=0.18MPa and laser power density =51.8 W/cm2. The 
diameter of the obtained fiber is 1 .9 micrometers and was able to obtain very super-thin 
fiber. Moreover, the birefringence was also 46.8x10-3. The SEM photograph of the 
super-thin fiber concerning drawing 8 was shown. As shown in drawing 8 , it turns out 
that nylon 6 fiber is extremely made super-thin. Like this example, after irradiating a 
laser beam and extending it for the fiber of predetermined tension, super-thin-izing of 
fiber is still more possible by giving minute tension to fiber, irradiating a laser beam and 
extending it for fiber. In this example, after carrying out laser-heating extension of the 
fiber under predetermined tension, laser-heating extension of the obtained fiber was 
carried out under minute tension, but after performing laser-heating extension of the fiber 
under predetermined tension twice or more, laser-heating extension under minute tension 
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may be performed. 

[0064] [the diameter of super-thin fiber, and change of a birefringence] - the situation of 
change of the diameter to distance deltaL from the neck section and a birefringence was 
investigated like the example 1 about the fiber obtained by performing laser-heating 
extension twice as mentioned above next. The diameter and birefringence in a location of 
distance deltaL from the neck section of super-thin fiber and distance deltaL are shown in 
drawing 15 . 

[0065] In the range whose distance deltaL from the neck section is 60mm - 1500mm, as 
for the obtained fiber, the diameter is made super-thin by 2 micrometers or less so that 
drawing 15 may show. Especially, in the range of 60mm - 1200mm, it turns out that most 
change of a diameter cannot be found and very uniform super-thin fiber is obtained. On 
the other hand, it turns out that the birefringence shows 40xten to three or more high 
values in the range whose distance deltaL from the neck section is 60mm - 1480mm. 
Especially, in the range whose distance deltaL from the neck section is 200mm - 
1200mm, about 45xten to three high value is shown. Moreover, in this range, it is 
uniform and the fact that there is almost no change of a diameter shows that super-thin 
fiber with little birefringence change is obtained. Moreover, the photograph of the neck 
section of fiber was shown in drawing 15 . The neck section fuses, and is expanding 
spherically and fiber is tapering off rapidly from the starting spherical section so that this 
photograph may show. 
[0066] 

[Example 3] This example explains the example which applied laser-heating extension of 
this invention to it(isotactic)-polypropylene (it-PP). 

[0067] First, fibril was produced by carrying out melt spinning of the it-PP pellet 
(Mw=3xl05, Mn=5xl04) by ace polymer incorporated company. The diameter of fibril 
was [ 0.3x10-3 and the degree of crystallinity of 408.6 micrometers and a birefringence ] 
43.8%. When the wide angle X diffraction was performed about this fibril, since the 
debye ring was observed from the wide angle X-ray diffraction photograph, it checked 
that fibril was non-orientation. 

[0068] Subsequently, laser-heating extension was carried out using the equipment which 
showed this fibril to drawing 5 . Laser power density was fixed to 3 1 .66 W/cm2, and five 
kinds of fiber, 0.022MPa(s), 0.030MPa, 0.03 7MPa, 0.045MPa, and 0.06MPa(s), was 
obtained for impression tension. And the diameter and the birefringence were measured 
about each obtained super-thin fiber (SD (Small Diameter) fiber). A measurement result 
is shown in the following table 1. 
[0069] 
[Table 1] 



[0070] The small fiber of the diameter of fiber is obtained as shown in this table and 
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impression tension becomes low. Moreover, fiber with the thinner diameter of fiber is 
high, and a birefringence is also known by that it is fiber excellent in crystallinity. 
Moreover, the draw magnification for which it asked from the diameter of fiber was also 
shown in the table. Draw magnification is 800 or more times, and draw magnification is 
increasing as impression tension becomes low. Thus, polypropylene was also able to be 
made super-thin by the laser-heating extending method of this invention. 
[0071] 

[Example 4] In this example, after carrying out zone extension of the it-polypropylene (it- 
PP) fiber, the example which applied laser-heating extension of this invention is 
explained. 

[0072] First, fibril was produced like the example 3 by carrying out melt spinning of the 
it-PP pellet (Mw=3xl05, Mn=5xl04) by ace polymer incorporated company. The 
diameter of fibril was [ 0.3x10-3 and the degree of crystallinity of 408.6 micrometers and 
a birefringence ] 43.8%. When the wide angle X diffraction was performed about this 
fibril, since the debye ring was observed from the wide angle X-ray diffraction 
photograph, it checked that fibril was non-orientation. 

[0073] Zone extension was performed to this fibril using zone extension equipment 90 as 
shown in drawing 9 . In zone extension equipment 90, after fibril is supported by the 
block 96 which the spindle was attached in the end and formed in the right end of 
susceptor 91, the other end of fibril is attached in the wall material 95 prepared in the left 
end of susceptor 91. Thereby, fibril is horizontally stretched by the predetermined tension 
of susceptor 91 in the upper part. The RINIADO motor 92 is formed on susceptor 91, 
and, as for the RINIADO motor 92, a rail 94 can be horizontally moved to zone extension 
equipment 90. As shown in drawing 9 , the zone heater 93 is formed in the left end of a 
rail 94, and fibril can be heated at predetermined temperature by driving the RINIADO 
motor 92, moving the zone heater 93 relatively at the rate of predetermined to fibril. As 
shown in drawing 13 , the perpendicular cross section used the U-shaped heating object 
for the zone heater 93 to the die-length direction. Both the width of face d and die length 
of slit section 93a of the zone heater 93 are about 5mm, and fiber moves in the inside of 
slit section 93 a. The nichrome wire is prepared in the interior of the zone heater 93, and 
fiber can be heated by energizing a nichrome wire. Zone extension was performed using 
this zone extension equipment by making passing speed (processing speed) of a heating 
object [ as opposed to / as opposed to / for extension temperature / 140 degrees C / 
7.8MPa(s) and fibril for impression tension (sigmaa) ] into 100 mm/min. The diameter of 
the fiber (henceforth ZD (Zone Drawing) fiber) obtained by this zone extension is 131.1 
micrometers, and a birefringence is 34.0x10-3. 

[0074] Next, using the equipment shown in drawing 5 , laser power density PD was fixed 
to 39.57 W/cm2, various impression tension sigmaa was changed, laser-heating extension 
of the ZD fiber was carried out, and super-thin fiber (henceforth SD (Small Diameter) 
fiber) was obtained. Each diameter of fibril, ZD fiber, and SD fiber, a birefringence, and 
draw magnification are shown in the following table 2. 
[0075] 
[Table 2] 
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[0076] As shown in Table 2, after zone extension, SD fiber obtained by performing laser- 
heating extension is very super- thin fiber with a diameter of 1 .8 micrometers or less, and 
is thinner than the fiber produced only by laser-heating extension, without performing 
zone extension in an example 3. Moreover, the draw magnification of SD fiber was over 
50000 times. SD fiber with a thinnest when laser-heating extension is performed under 
the extension conditions of sigmaa=0.145MPa and PD=39.57 W/cm2 diameter of 1.61 
micrometers was obtained in ZD fiber, and the birefringence was 28.4x10-3. The SEM 
photograph of this SD fiber and the SEM photograph of fibril are shown in drawing 10 . 
As shown in drawing 10 , it turns out that SD fiber is extremely made super-thin. 
Degradation of the front face according [ SD super-thin fiber ] to laser ablation was not 
checked, and the diameter of fiber was uniform. 

[0077] The wide angle X-ray diffraction photograph of fibril, ZD fiber, SD fiber, and the 
super-thin fiber produced only by laser-heating extension, without carrying out zone 
extension is shown in drawing 1 1 . In fibril, a debye ring is observed and it turns out that 
it is non-orientation. For ZD fiber obtained by carrying out zone extension of this fibril, 
the sharp diffracting point was observed and it was checked that the microcrystal is 
carrying out orientation to altitude. Although diffraction reinforcement was weak 
compared with ZD fiber for the super-thin fiber obtained by carrying out laser-heating 
extension of the ZD fiber, the diffracting point is observed like ZD fiber and the existence 
of a microcrystal which carried out orientation has been checked. 
[0078] The polarization microscope photograph of the neck section of SD fiber is shown 
in drawing 12 (B). Moreover, the polarization microscope photograph of the neck section 
of the fiber produced in the example 3 is shown in drawing 12 (A). Only in laser-heating 
extension of an example 3, it is tapering off from the neck section of fibril so that 
drawing 12 (A) may show, but when laser-heating extension is performed for the fiber 
obtained by this example carrying out zone extension, as shown in drawing 12 (B), the 
spherical fusion zone is formed in the neck section, and it is tapering off rapidly from the 
starting spherical section. It is thought that fiber made it super-thin from this according to 
the principle mentioned above since fiber was crystallized to some extent by zone 
extension. 

[0079] [the diameter of super-thin fiber, and change of a birefringence] — next, the 
situation of change of the diameter to distance deltaL from the neck section and a 
birefringence was investigated like the example 1 about above-mentioned SD fiber. The 
diameter and birefringence in a location of distance deltaL from the neck section of SD 
fiber and distance deltaL are shown in drawing 16 . 

[0080] In the range whose distance deltaL from the neck section is 60mm - 800mm, as 
for SD fiber, the diameter is made super-thin by 2 micrometers or less so that drawing 16 
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may show. Especially, in the range of 60mm - 800mm, it turns out that most change of a 
diameter cannot be found and very uniform super-thin fiber is obtained. Moreover, in the 
range in which the diameter of 2 micrometers or less was obtained, it turns out that, as for 
the birefringence of SD fiber, 25xten to three or more high values are shown. Moreover, 
in this range, it is uniform and the fact that there is almost no change of a diameter shows 
that super-thin fiber with little birefringence change is obtained. Moreover, the 
photograph of the neck section of fiber was shown in drawing 16 . The neck section is 
expanding spherically by melting and fiber is tapering off rapidly from the starting 
spherical section so that this photograph may show. 

[0081] By applying laser-heating extension to the it-PP fiber which carried out 
orientation to altitude by zone extension like this example, a stacking tendency is high 
and can produce easily the very small super-thin fiber of the diameter of fiber. 
[0082] 

[Example 5] Another example of the manufacturing installation which follows this 
invention at drawing 17 is shown. A manufacturing installation 600 is mainly equipped 
with fiber sending-out equipment 61, a fall block 65, the fiber take-up motion 67, a 
control unit 70, and a laser light source 71. Fiber sending-out equipment 61 is equipped 
with the rotation driving gear 62 which carries out the rotation drive of the reel 63 by 
which fibril was twisted, and the reel 63, and can send out the fibril twisted around the 
reel 63 at the rate of predetermined by carrying out the rotation drive of the reel 63 at the 
rate of predetermined with the rotation driving gear 62. 

[0083] After the fiber sent out from fiber sending-out equipment 61 is supported by the 
standing block 64 for support, it is energized by the condition of it having been twisted 
around the fall block 65 arranged under the standing block 64, and having stretched in the 
direction of a vertical between the standing block 64 and the fall block 65. The other end 
of fiber is rolled round by the fiber take-up motion 67 through the alignment supporter 66 
formed above the fall block 65, after the course is changed by the fall block 65. 
[0084] The fiber take-up motion 67 is equipped with the rotation driving gear 69 which 
carries out the rotation drive of the reel 68 for rolling round fiber, and the reel 68. The 
other end of the fibril sent out from fiber sending-out equipment 61 is attached in the reel 
68, and fiber can be twisted around a reel 68 by carrying out the rotation drive of the reel 
68 with a predetermined rotational speed with the rotation driving gear 69. A control unit 
70 can control the rotation driving gear 69 of the rotation driving gear 62 of fiber 
sending-out equipment 61, and the fiber take-up motion 67, and can adjust the rate of the 
fiber sent out from the reel 63 of fiber sending-out equipment 61, and the rate of the fiber 
rolled round by the reel 68 of the fiber take-up motion 67. The relative velocity of the 
fiber to the laser beam which carried out outgoing radiation from the laser light source 71 
by this, and the tension concerning the fiber stretched between the standing block 64 and 
the fall block 65 can be adjusted. 

[0085] The fall block 65 is being engaged possible [ a slide into the guide slot 73 of the 
direction of a vertical of the guide section 72 ] for the revolving shaft. A fall block 65 is 
held by the balance of the gravity and tension of fiber at predetermined height h. 
Therefore, fixed tension can be given to the fiber stretched between the standing block 64 
and the fall block 65 by maintaining the height location of a fall block 65 uniformly. 
Moreover, the weight of a fall block 65 can be suitably chosen so that the tension given to 
fiber may be set to 1 or less MPa. Moreover, the sensor (un-illustrating) for measuring 
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the height from a floor line is formed in the fall block 65. A control unit 70 can control 
the fiber take-up motion 67 based on the height location from the floor line of the fall 
block 65 measured by the sensor, and it can adjust the rotational speed of a reel 68 so that 
height h from the floor line of a fall block 65 may always become fixed. Thereby, fixed 
tension can always be given to fiber. The smaller possible one of the frictional force 
produced between the revolving shaft of a fall block 65 and a guide slot is desirable, for 
example, it may constitute a fall block 65 so that guide Mizogami may be moved by the 
linear formula. 

[0086] A laser light source 71, a shutter 74, a power meter 76, and a detector 75 can be 
constituted using the respectively same thing as the manufacturing installation 500 shown 
in drawing 5 . 

[0087] In this manufacturing installation 600, if a laser beam is irradiated by the laser 
light source 71 at fibril, fibril will be extended. Extension of fiber moves a fall block 65 
downward [ vertical ] with gravity. At this time, a control unit 70 is sensed by the sensor 
in which the migration to vertical facing down of a fall block 65 was prepared by the fall 
block 65, and a fall block 65 adjusts the rotational speed of the reel of fiber take-up 
motion so that the height location from a floor line may become fixed. In this way, the 
super-thin fiber which carried out laser-heating extension can be rolled round to the reel 
of fiber take-up motion. 

[0088] As mentioned above, although the example explained this invention concretely, 
this invention is not limited to this. In the above-mentioned example, although the laser 
beam was irradiated where fibril is hung, fibril can be laid, for example on a level 
installation base, fibril can be leveled, and laser-heating extension of this invention can 
also be performed. 

[0089] Moreover, in the manufacturing installation shown in the example 5, although it 
controlled so that the tension given to fiber by adjusting the weight of fall-block 65 the 
very thing was set to 1 or less MPa, the tension to the fiber given by the fall block can be 
finely tuned by preparing a counterbalance (counter weight) to a fall block, and, for 
example, adjusting the weight of a counterbalance. That is, as shown in the cross section 
of the guide section of drawing 19 , standing blocks 91 and 92 are formed in the upper 
part of the guide section 72, respectively, standing blocks 91 and 92 are built over the 
rope 94 which connected the counterbalance 93 to the end, and the other end of a rope 94 
is connected to the revolving-shaft part of a fall block 65 so that rotation of a fall block 
65 may not be barred. By forming such a counterbalance 93, in order to give fixed 
tension to fiber, it is lost that the weight of a fall block 65 is restricted, and it becomes 
possible to use the fall block of the weight of arbitration. For example, as the difference 
of the weight of a fall block and the weight of a counterbalance becomes small, it 
becomes possible by choosing the weight of a counterbalance to give the very minute 
tension of 1 or less MPa to fiber. Moreover, it is possible also by using a spring etc., 
energizing a fall block up instead of this counterbalance, and reducing the downward 
force of a fall block to give minute tension to fiber. 

[0090] Moreover, although the manufacturing installation shown in the example 5 is the 
example of equipment of manufacturing one super-thin fiber, it can make coincidence 
manufacture two or more super-thin fiber by changing this equipment so that it may 
explain below. That is, the standing block for supporting fiber is constituted using a 
standing block with the wide width of face divided to two or more fiber **** fields so 
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that two or more fiber can be supported at fixed spacing. Moreover, fiber sending-out 
equipment is constituted so that two or more reels of the same axle may be formed and 
fiber may be sent out from each reel. Or you may make it a fiber send part send out two 
or more fiber according to an individual for every fixed spacing using a reel with the 
wide width of face divided by shaft orientations. Two or more fibrils sent out from this 
fiber sending-out equipment are supported with an above-mentioned broad standing 
block. It can constitute using a broad fall block in shaft orientations so that two or more 
fiber may be located in a line at fixed spacing and a fall block may also be held. It can 
constitute so that fiber take-up motion may also roll round fiber by ****** by each reel 
using two or more reels of the same axle. Or you may constitute so that a fiber rolling-up 
part may roll round two or more fiber at fixed spacing according to an individual using 
the broad reel divided by shaft orientations. Since a laser beam becomes long and slender 
in the perpendicular direction to the shaft orientations of fiber by preparing the 
cylindrical lens which has a revolving shaft in the direction in which two or more fiber 
was arranged on the optical path of a laser beam using one set of a laser light source, for 
example although two or more sets of laser light sources may be used since a laser beam 
is irradiated at each fibril, a laser beam can be irradiated at each fiber. A polygon mirror 
is used and you may make it make a laser beam irradiate each fiber one by one instead of 
this cylindrical lens. It becomes possible by improving equipment as mentioned above to 
carry out laser-heating extension of two or more fiber at once. The manufacturing 
installation of this configuration is excellent in productivity. 
[0091] 

[Effect of the Invention] Since super-thin fiber excellent in a stacking tendency and 
crystallinity can be manufactured very easily according to the manufacture approach of 
this invention, super-thin fiber with high reinforcement can be offered cheaply. 
[0092] Although the nylon 6 fiber, the polypropylene fiber, and PET fiber of this 
invention are very super-thin, since they have a high birefringence, they are high intensity 
and excel conventional super-thin fiber in handling nature and workability. 
[0093] Since the manufacturing installation of this invention can realize the manufacture 
approach of this invention, it can manufacture very easily super-thin fiber excellent in a 
stacking tendency and crystallinity. 
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